Reproducible results by chromatographic methods can only be ensured by strict adherence to experimental conditions. Although successful separations of porphyrin esters have been reported by previous workers using columns of alumina (Prunty, 1946; Lederer & Tixier, 1947) or of calcium carbonate Watson, Schwartz & Hawkinson, 1945; Gray & Holt, 1948) , the adsorptive power of the commercial materials employed has not been strictly defined and, moreover, little if any reference has been made to the purification or standard of purity of the solvents employed. Repetition of their results, therefore, has often proved difficult.
Filter-paper chromatography has been applied to the porphyrins by Nicholas & Rimington (1949) and in the lutidine-water system used is capable of separating them into groups corresponding to the number of carboxyl functions in the molecule. It can thus be used as an analytical procedure, but appears to be not so well adapted for the preparation of material in quantities suitable for chemical characterization. For this purpose, adsorption chromatography of porphyrin esters upon solid columns is preferable.
Before attempting the isolation of certain hitherto unrecognized porphyrins, which partition chromatography has shown to be present in pathological materials (Nicholas & Rimington, 1951) , we deemed it essential to study carefully the chromatographic behaviour of known porphyrin esters in precisely defined systems and to extend, if possible, the range of adsorbents available. This we have done, and our results are presented below. Paper chromatography has proved a very effective means of ascertaining the homogeneity of fractions, and therefore the sharpness of the separations obtained.
METHODS Adsorbentm
The commercial materials used were:
A1208, 'Aluminium oxide for chromatographic analysis standardized according to Brockmann', From these materials, adsorbents of graded adsorptive power were prepared as described below, and all preparations were finally standardized according to the technique of Brockmann & Schodder (1941) , whose system of classification for aluminas we have extended to all our materials. Brockmann & Schodder's classification is summarized by Williams (1946) . Graded 
Adsorption columns
For most experiments, glass tubes were used of size 1 5 x 20 cm., tapering sharply at one end to about 3 mm. diameter, and provided with a light plug of cotton wool to support the adsorbent. They were filled to a height of 10 cm. with adsorbent in the following manner. The lower end was closed by a stopper and the glass tube almost filled with the solvent in which the adsorbent column was to be packed. The adsorbent was then sprinkled into the solvent until the tube was half filled. The stopper was removed and the column allowed to drain under gravity or, ifnecessary, gentle suction. In this way the adsorbent particles became completely wetted and produced the most evenly packed columns. This method was used for all adsorbents except CaCO3. With this adsorbent the best results are obtained by first making a slurry with the solid and the solvent and then pouring it into the glass tube. Alternatively, the adsorbent may be packed tightly into the column in small portions at a time, using a tamping rod, and then wetted with the solvent.
Although CaCO3 is a very useful adsorbent for porphvrins, it is the most tedious to use owing to this difficulty in packing.
Solvents
The following solvents have been used, details of purification, where necessary, being given below.
Benzene. 'Analar' (British Drug Houses Ltd.). Suitable for use without further treatment; drying and redistilling did not affect its chromatographic behaviour.
Chloroform. The B.P. grade, containing ethanol, possesses a considerably greater eluting power than does the pure solvent. For use it was washed five times with 2 vol. of water and dried over CaCl2 (see Vogel, 1948) . It is then unstable and must be kept in the dark; Light petroleum. The commercial product, b.p. 40460°, was redistilled within these limits.
Methanol. The solvent was dried by the magnesium and iodine method according to Vogel (1948) .
Application of porphyrin esters and development of chromatograms
Porphyrin esters (approx. 0 3 mg. of each) were applied to the columns as a concentrated solution in the first-named solvent of each system studied (see Fig. 1 ), the adsorbent having been packed suspended in this solvent. Development was accomplished by the mixture. Further details are included under the Results section. It may be noted here that in each case the last-named solvent in a system is that possessing the greatest eluting power. All chromatograms were run at room temperature, 19-22°.
Examination offractions Absorption spectra of fractions eluted from the columns were measured on the Beck-Hartridge reversion spectroscope.
Melting points were observed upon an electrically heated micro-melting point apparatus (Gallenkamp).
Partition chromatography was carried out as described by Nicholas & Rimington (1949 , 1951 at a controlled tempera-I95I ture, 21 ± 10. Porphyrin esters, eluted from the columns, were hydrolysed by evaporating the volatile solvent under reduced pressure and leaving the residue in contact with approx. 7 N-HCI at room temperature for 36 hr. Excess acid was removed in a vacuum desiccator containing KOH, the porphyrin hydrochloride dissolved in 2 N-NH4OH and applied to the paper (Whatman, 'no. 1 for Chromatography').
RESULTS
A schematic survey of our results is presented in Fig. 1 . It was not possible to separate satisfactorily the I and III series isomers of either uroporphyrin or coproporphyrin with any combination of solvents and adsorbent tried. In general, porphyrin esters are eluted in an order corresponding inversely with thet number of carboxyl groups present in the parent porphyrin. The uroporphyrins are thus the most firmly retained. From magnesium oxide and magnesium carbonate, however, the order is exactly reversed, the uroporphyrins being the first to leave the column. The dicarboxylic porphyrin esters all behave very similarly under the solvent conditions which separate them from uroporphyrin and coproporphyrin. Their individual separation is, however, possible and will be discussed in a separate section below.
Magnesium oxide and magnesium carbonate, grade III. Neither benzene nor chloroform possessed any appreciable eluting power with these adsorbents and no separation of esters was observed with mixtures ranging from 100 % benzene to 100 % chloroform. Upon the addition of methanol to the system, elution began, uroporphyrin running the most rapidly. In practice, therefore, the mixed esters may be applied in either benzene or chloroform, and development carried out progressively with mixtures of 0-5, 1 and 2 % (v/v) methanolchloroform or 4, 8 and 10 % (v/v) mnethanol-benzene, respectively, which carry down the successive bands.
No satisfactory separation was achieved with solvent systems composed of light petroleum and chloroform, or those with methanol (or unwashed chloroform) as used by McSwiney et al. (1950) .
Aluminium oxide, grade II. The solvent systems benzene-chloroform, benzene-methanol and chloroform-methanol produced separation of the dicarboxylic porphyrin esters as a discrete band below the uroporphyrin and coproporphyrin esters; these formed two contiguous bands which were inseparable and travelled down the column together.
Aluminium oxide, grade IV. The benzene-chloroform solvent system gave with this weaker adsorbent separation of the three groups of esters, coproporphyrin and the dicarboxylic porphyrin esters being eluted without the addition of methanol. Uroporphyrin was eluted when the latter solvent was added to the system. With chloroform-methanol and benzene-methanol, however, this adsorbent In the case of light petroleum-chloroform or the same system plus methanol, good separation of the porphyrin esters is produced with both grades of alumina (cf. McSwiney et al. 1950 ). The procedure is somewhat complicated since progressive solution of the porphyrin components takes place with increasing concentration of chloroform in the developing solvent. Fig. 2 Fig. 3 ). (Nicholas & Rimington, 1949) . It is unfortunate that none of the systems we have studied has been capable of separating sharply the I and III series porphyrin isomers. It may be noticed, in particular, that we failed to separate uroporphyrin esters I (from bone) and III (Waldenstrom ester), whereas claimed to have done this by chromatographing uroporphyrin ester from Petry urine upon talc. They ascribed to uroporphyrin ester I a melting point of 3110 (corr.) and to the series III isomer a melting point of 2610 (uncorr.), but (1945) to be a mixture or molecular compound of uroporphyrin I with a heptacarboxylic porphyrin (probably of series III). In a later paper the application of chromatographic methods to the isolation of new porphyrins from various sources will be described. SUMMARY 1. The chromatographic behaviour has been studied of porphyrin esters under standardized conditions.
2. Magnesium oxide and magnesium carbonate possess certain advantages for porphyrin chromatography.
3. The naturally occurring dicarboxylic porphyrins may be separated chromatographically upon calcium carbonate or on magnesium oxide columns.
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